o il

hagll Luidill dnalall 37,

dughay | AL sanall

2 5yaill Silaig i<l

Al da yall
I uatlyall Juaill

Alacl




dalall e.u‘

Y 5 jail) il g Sl

ARG

Theoretical syllabus

Regenrating fully controlled interters , examples , dc motor speed control.

Three face inverters, output voltage wave from with , triggering pulses and
equations.

Thyristor protection from the high rate change in current and‘oltage ,
protection from the transient change in source voltage ,fully, pro$ection circuit
from all possible faults due to current and voltage .

L

Dc to ac inverters methods of forcing the thyristor to get 'offy:

Parallel and senies inverter, single and three phase,, contfol mdthods in
charging frequency and voltage , output wave formsg 4

Inverter application , emergency power supply hsingle phase dc motor speed
control. )

Three phase motor control by using a,constaft ratio of variation frequency and
voltage. P

Choppers, dc to dc inverter frequencyanstant , line constant .

Types of choppers , dc motor'speed control .

Ac to ac inverter, single phase,veltage requlator, three phase voltage requlator

General application on single and three induction motor speed control due to
the change in stat‘orVoltage , using the closed loop feedback circuit to control
the dlippery ringstefsac motor .

Cyclicinyerter ,\ac to dc cyclic inverter, dc to dc cyclic inverter

Ac to ac cyélic inverter control black diagram .

Using amplitude modulation for speed control.

Using polar transistor for ac motor speed control .




Fully controlled full wave Rectifier: -

I -~

i 1r .
SCR1 SCR3
+ R
G — -
Vo
V= L

(s—cm *?cmt

l v

2Vm

Vd.c = g—ees «

If a >=90°
~vd.c=%""cos120="""_
g g

EX\:/—Jf L=50mH,R=100, a=30°,V=325sin 1001t Calculate:-
-Vd.c

2-the angle of theload (®)
3-timeto commutate the SCR
4- Discuss the waveform of (Iload)

Solution :-
Vd.c=Vo=]a*mr+a)Vmsin(wt)d(wt)=(2 Vm)/mcosa
Vd.c =(2*325 )/rrc0s30°=179.2v

tan® =WL/R

@ = tan- 1 (1001*50*10-3)/10 = 57.5°
Wtg=B=m-a

tq = (m- a)/w = (- (1r/6))/1001 = 8.3 msec
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Converter Control of DC Machines

Thespeed ofadcmotorcanbecontrolledbycontrollingthedcvoltageacrossits armature terminals. A
phase controlled thyristor converter can provide thisdc voltage source. For alow- power drive, asingle-
phase bridge converter can be used ,whereas for a high-power drive, a three- phase bridge circuit is
preferred. The machine can be a permanent magnet or wound field type. The wound field type permits
variation and reversal
of field and is normally preferred in large power machines.
DC Motor Drives:-
The DCdriveisrelatively simple and cheap (compared to induction motor drives). But DC
motor itself is more expensive.
* Due to the numerous disadvantages of DC motor (esp. maintenance), itis getting less
popular, particularly in high power applications.
* For low power applications the cost of DC motor plus drives is
stilleconomical.
Forservoapplication,DCdrivesisstillpopularbecause ofgood
dynamicresponseandease ofcontrol.
* Future Trend? Notso brightprospect for DC, esp.in high
power drives.

Thyristor/SCR drives

5 "Jx).:\.v wnlv
Three/single phase supply Single phase supply

11

Control
— | and  je—] *

& f %[

Speed SCR
reference | firing ~
3/
Current
Current SENSOr o Tachometer

Speed |

Basic single-phase drive

a1



ARMATURE FIELD

For continuous current, armature voltage s :

N/
? (Aol (= 2
V,= x cosa,,
Armature (DC) current is:
Vu [ EQ 4 "
I, = =1 E, is the back emt
R B\

A

Field voltage:

91V
=m

V4

Vi= cosd s

Example
Consider a500V, 10kW , 20A rated- DC motor with armature resistance of 1 ohm.

Whensuppliedat500V,the UNLOADED motorruns at1040rev/min,drawing a
current of 0.8A (ideally currentis zero at no-load).

— Estimate the full load speed at rated values

— Estimate the no-load speed at 250V.

Solution:-
Vy=1,R,+E =1,R,+ K, 0l
fa ™ 500 - 0.8
/\"‘[,_.__‘u laRu:DK 0 ”)2().4«\'
: 0] 1040

At full load and rated value,

V,—1,R, 500-20(1)
Kol 0.48

=1000 rev/min

(Uﬂ —

At no - load and voltage at 250V,

V,=1,R, + K0l f

a’ta
V,=1,R, 250-0.8(1) . ;
p=—24__94 4da_ =519 rev/min
K,I¢ 0.48



Three—phaseconvertors “three—phasecontrolled rectifiers “a- 3-@
half wave rectifier with resistiveload

¥

_;!

-4
-
N

¥

VRN = VM sinwt
Vyn = Vm sin(wt-120°)
Ven = Vm sin(wt +120°)

K‘.“.' “/;“ "‘:“ "“’," "‘.“.‘ (‘"« i J‘:‘: '\‘.‘\“ ““:‘ l“"‘
X1 VY Y
“"\ // \ J \ \ i ,f/‘ \ ,r‘“ \\ {
N NS \\ / LS PR \,/

1- Continuous control:-

When a £ 30
Vo =0.827 Vm cos a

AR



2-Discontinuous control;-

When a > 30

Vo |

| | |
L P Wt
The w nd

0 et VR PR
= [ cos(6 o)

EX:-Aresistiveloadsuppliedfroma3-@halfwave rectifier.if Vin=230v
(between Line and natural) calculate Vo at (a = /6 ),(a =2m/3 ).
Solution:-

Vdc =0.827 Vm cosa

Vm = v2Vrus

=1.4*230=325V

Ve =325*0.827*cos 30°

Vac =281.65V

When a = 21r/3 = 120° we have a discontinuity

Vo=20.8V

YV



Three phase full wave AC to DC converter:-

L1 N 7% PR % R 4 " % (O % A P A 4 i
. e s b il »
¥
|\'
= D
] - o
| + i
, =1
T ¥
Lo | Highly indacive
} Toad
| "“
?—+‘_J
k |
T T T,
i |
i
(a) Circuit 7 Een Esa ¥ kY
h s 2 " -
] l I : at
} E+a 22 -a I— e — I'n
L] L
0 "]
W= I - l’- g
9 ° ot
tia 40 Uy ey
i 4y : L3 "l—J 5
A Load corrent
0 = o
(b} Wavelorms

ZM COS X
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Thyristor protection circuits

1- Thyristor protection fromthe increasing of the current

SCR1
°
L3 L1 RL
SCR2

L2
_IYYY\_

i \.IO

2- Thyristor protectionfromthehighrateofchangeincurrent
(di/dt).

L Th
o—lY YN

Vs RL

3- Protectionfromthetransientchangeinsourcevoltage

sw
L.—/.__(YYY\_

R1

Rs

1Y



Methods of thyristor commutation:-

1- Natural commutation. (line commutation)
 Natural Commutation of Thyristors takes placein:-
— AC voltagecontrollers.

— Phase controlledrectifiers.

— Cyclo converters.

A

OccursinACcircuits

2-Forced commutation.
Applied to dc circuits

» Commutationachieved by reversebiasing the SCRor by reducing the SCR current below

holding current value.

» Commutating elements suchasinductance and capacitanceare used for

commutation purpose.
Itisatechniqueusedtoforcedtheanodecurrenttodecreaseto zerobyusingan
external device connected to the thyristor for example applied properinversevoltage
or using another thyristor .
Forced Commutation is applied to

» Choppers.

* Inverters.
Kinds of commutation types:-

a-Self commutation
C L

] !

Im= 2L C — 0.4ton
RL
C(RL)?

oy



b-commutation using external devices

1-commutation using capacitor: -

C
—lLt

N $R1 %RZ
=
]
Th1 Th2
Va1 Va2

Va1l =Vs — (1 - 2 YCRY))

Vs

At Val =0
t=0.69CR1 t =2tgl
2Vs Vs
Im(TH1)="""+ "7
R2 R1
2Vs Vs
Im(TH2)="""
R1 R2
2V's
I ([rms) =
R1
1 (Vs)? 1 (Vs)?
PR T R reT5" TR2

v




2- commutation by using acapacitor & thyresistor

¢c T 7
WA :>:JTh2 T
L1
L ——
D1 |
%R1
t=9m— =t i/ iwad 4/ =mn, 000000.00/¢
o/
. /)]
m :__
JLeh |
_ Im0/J/ 00,00, a4/ Im
Im=Vs 7J¢

3- commutation by using aseriesresonancecircuit:-

-
: D
A Th I
EL N
L c 0 n\/p\//\ i
| I T
Ton=%
Mmat =g
_ -J R2
md
Im _ Vs
C m * L
=My ALENIEAl B LEN a3 15
d
H.W
1 R2
FindCIFMg= - — - —

YV



Examples for commutation circuits

EX@Q)Infig(l)findCandL.IfIL.3A,Vs=24V ton=5msec,R.=50Q Then
Calculate Im .

Solve:- C L
Im=2L Im=2+3=6A |—|}—fmﬁ-‘
0.4ton
C= T le— .
H L
0.4 x5 %1073 v h
C= =0 = 40uF
40 x107%(50)? Fig (1)
L= 7 =25 mH

Rxxkkkkkk kxR kbbb ki kkkkkeokbbokk ke koo
EX (2) In fig (2) find C, Im(TH1) , Im(TH2) , Im(rms) , Pr1, Pr2 . If IL=3 A, Vs
=50V ,tg1 =20 usec, tg, =12 uysec ,R1=100Q , R, =82 Q.

Solve:-
t=0.69CR1 t =2tgl
_ _ 2tgl Vs=|*' R1_C+ R2
0.69CR1 =2tgl c= 0.69R1
2 %20 % 10°° Th1 Th2
— - Va1 Va2
C= 0.69-100 = 0.579uF
0.68uF=C Al dagl) Fig (2)
2 Vs Vs
Im(TH1)= —  + _2%50 50 -0.62 Amp
R2 R1 820 100
2Vs Vs
MHZ): + _2*50+ 50 :1Amp
R1 R2 100 820
2Vs 2 x50
TI (rms)= = =1 Amp
R1 100

1 (Vs)2 1 (50)?

AV



Pri=_* — - = 12. 5Watt
2 1 ’
1 (Vs)2 ?80)2

Pro=_x —

= o
2 R2 2 820

=1.5Watt

AV



EX@3) In fig(3) find C . If RL=150Q,Vs=24V, ton 10msec
IL (max) =3Amp

Solve . ‘ ,;'J
d Th
Mgt = g L
Vs c
v ;R
Fio(3) ~
ton = i md = _g ,md = 7 = 100g
md ton 10x10-3
Im - Vs , L - Vs :24 —
mg*L Mg*Im 100g+*3 25mH
m =J i _R? 412
d LC -
4L
C=
4L2mg %+ R?
4%25%x103
= =4 uF

A41(25+10—3)7(100+g)2+ (150)2

v



DC to AC Inverters
Inverter applications:-
1- Speed control of motors .
2- Speed control of motors through the rotor .
3- DC to AC with AC to DC convertor in transmission line..
4- Flax heating .

Kind of inverters
1-parallel inverter:-

RL Vatl4g
l_l_| 2Vs “"‘1 \“1 o
w 2Vs | ]
Va2
——rYYYL e ] [
- = S > t
I— 2vs o] \1
A —
& MjL“ i
Th1 ;Z ‘ L SZ Th2 S
VGi Ve2 ., 0 i
s n »
NA2 ton 4x Cx RL N"2

T

0.25 < <3.34 Ton=

g CTRAX tott NA2 Toff=

N



EX . Design a parallel inverter to generate square wave with frequency of (f=400HZ )
to feed aresistiveload its power (120W) with voltage of (240V) if you have a battery

of 12volt
Solution:-
2
N==75 =20
FMAX = oE,
e 0 . s W L. p—
48R, Fmax el
Ln” _ 4cR,
RL In?
_ 4CR2L _ 4:47:107 - 480°
L= 3nt B =204 = 90.24|J.H

2-series inverter:-

/.
v 13w T~

YA



1- calculate ( Vs ):-

Vs=IR
| = (Vs+Ec) ________ 1
(ma) 1)

Put (2)in (1)

| _2(Vs+Ec)
gR
Ec=0.5Vs

}){s =9 m R (Vol 9

R
Gt= s
2L g
L="9
2 Mg
m :Ji_Fi
d L C4L2
2
, 1 R
Md = | c 42
aL
C=
ut 4L2 md? +

YA

2- calculate  (mq):-

3- calculate (L)

4- calculate (c)



Disadvantage and limits of a series inverter

) ‘J*MGJ“‘ 5 LaNaa il @4.40‘9-55\‘¢_£§3AJSJQM\ Jhaall ¢ b yaal) J- &iiy
djﬂ\@u@&&ﬂub‘)‘#ﬂdd\)s‘ﬁﬁ%ﬁ )
Adalaal) ¢y aciliia) gal) g

1
Tmax =
2(ton +tQ)

sdaal) o aalh il LB A g ¢ AY) gt ) plid) J B ) gl Al AA\CAAZ.)QJ-MV
. aiall
_ﬁ‘déﬁ!&\ﬂ\ﬁj\dJJAﬂaJM\ ahuiﬁgli:sﬂj

Modified series inverter ((Half — bridge inverter))

AR e Jaas Jila) S

IJlllw lJlllﬁ‘
| ry | ry
A
CES
0
S 3

¢ ;
Pz Thi Thi e
2 | "Z,, | TH 2 | TH1
an CFF an 17 ' 4
T TH2 T2
_ an 143 an an
> 5

Wavefarrs of the modified sevies inverter
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EX :- Design an inverter circuit , so that the maximum value of the
current (1 A) through resistance load of (150Q) with frequency of (f =
400HZ) and the turn off time of the thyrister (25 pusec)

Solution :-
Saal gl 5,52 it = 1/F
=1/400 = 2.5 msec
T/2 = (2.5 )/2 =1.25 = 1250 psec
elilaY) (pa) Al Bliaa  ghew pll) Jua i G ) Jias Gl 134 ) Y

t/2 =t,, —t,=1250-25 =1225 psec

W, =rn/t =1/(1225*% 10°)
=2.56 * 10* rad/sec

V; = /3 ImR
n/3 *1* 150 = 157 VOLT

18
wd

150 T
2 2.56 103 X

¥*

—
Il
™|

4L
4 L% wd? +Rr?

4+92Zx10 3
4+(92:1073)2(256+103)2+ (150)2

E =

=15.7

¢A
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Single phase bridge inverter

I 4 b

I YY)
C L

Ta o F

Three phase inverter — ,ghall A5G YA

Vs=

—
| I
RL

> Vs

—<

®

1
m |

V,(wt)=V,, =(3V3)/n V_ cosa
I, =%Vs/R




Variable Speed AC Drive

* E.g. VVVF control of induction motor

415V

3-phase «

supply ]

PRV

i rectifier

600V DC link

3-phase [ AC

g il inverter &notoj

Three-phase inverter

4

/ switch

VDC

Motor

harmonics in motor current cause heat & noise in
windings. They create their own rotating fields which
cause pulsating torques and vibration

TA



'Waveforms of voltages |

Van Vab approx.
m sine wave _
t \
Vbn

..... t Vab = Van = Vbn

6 step waveform

Ven V V I: Variable
t  Voltage Inverter

Variable speed motor drives
* DC drives

> Power supply for DC motor

>Usually controlled rectifier to convert constant AC to
variable DC

*AC drives

>Power supply for AC motor

>Mostly for induction motors, but can be used with

synchronous motors

>Fixed AC - DC (fixed or variable) - Variable

frequency and voltage AC

YA



DC to AC Conversion

The converter that changes a DC to AC is called an inverter. Earlier inverters
were built with SCRs. Since the circuitry required to turn the SCR off tends to be
complex, other power semiconductor devices such as bipolar junction transistors.
power MOSFETS, insulated gate bipolar transistors (IGBT) and MOS-controlled

thyristors (MCTSs) are used nowadays. Currently only the inverters with a high
power rating. such as 500 kW or higher.

e Emergency lighting systems
e AC variable speed drives

e Unmterrupted power supplies

4 Frequency converters.

EX.

Q: Write four applications of the inverter.

e Emergency lighting systems
e AC varnable speed drives
e Uninterrupted power supplies

e Frequency converters.

AA



DC TO DC CONVERTER

A step-down dc chopper with a resistive load is shown in Fig. (1. a) Itis a
series connection of a dc input voltage source VS, controllable switch S,
and load resistance R. In most cases, switch S has a unidirectional voltage
blocking capabilities and unidirectional current conduction capabilities.
Power electronic switches are usually implemented with power
MOSFETS,IGBTs, MCTs, power BJTs, or GTOs. If an antiparallel diode
Is used or embedded in a switch, a switch exhibits a bidirectional current
conduction property. Figure (1.b) depicts waveforms in a step-down
chopper. The switch is being operated with a duty ratio D defined as a
ratio of the switch on time to the sum of the on the off times. For a
constant frequency operation.

D= _ ton
tonTon T
totr
D il

where T=1/f is the period of the switching frequency f. The average value
of the output voltage is.

Vo = DVs

5
&+
"D =
@)
¥ N
v,
Vs
S closed S open
=
o DT 5 § t
|

(1—D)T
(b)
FIGURE 1 DC chopper with resistive load: (a) circuit diagram and
(b) output voltage waveform.

aA



and can be regulated by adjusting duty ratio D. The average output
voltage is always smaller than the input voltage, hence,the name of the
converter.
and can be regulated by adjusting duty ratio D. The average output
voltage is always smaller than the input voltage, hence, the name of the
converter.

Ve C_

DT T T
(b)
FIGURE 2 DC chopper with RLE load: (a) circuit diagram and

(b) waveforms.
The dc step-down choppers are commonly used in dc drives. In such a
case, the load is presented as a series combination of inductance L,
resistance R, and back emf E as shown in Fig.(2a) To provide a path for a
continuous inductor current
flow when the switch is in the off state, an antiparallel diode D
must be connected across the load. Since the chopper of Fig.
(2a) provides a positive voltage and a positive current to
the load, it is called a first-quadrant chopper. The load voltage
and current are graphed in Fig.(.2b) under assumptions that the
load current never reaches zero and the load time constant

t=L/R
IS much greater than the period T. Average values of
the output voltage and current can be adjusted by changing

the duty ratio D.




kinds ofdcchopperconverter

1- A step-down dc chopper:-

Jarll Ui dua gldagial | SadY) 3k Q da i) ¢ Saxdh aaciladalal) o 2l § ks 33 sellia
A (13) 90 52 aldr arsbd sl Ball 3 _ilall J Sagelial JS&M) g

3CR1 L1 Rl
+
Vb

vs’“£

Al gdll 9 s Ll gal) JSAI ¢ ghsa S glall Jlaall @ Alls

OAfial B) Jlaa¥) Lal DUaY) Al dala Al g calilaia

JISEYL Gl 2aa g AdliAa 0 g4 S5 G 9 sdus Ll gal) )
olidldia gal

Ot o> Adladlddal ) Jlaal) 8 Ala) ) aduadead) ) LG58

U5 Uil gldda) 3 ) 38 Sl DAda Biay ¢Sy

ton T

(B) Continuous conduction

(A) Discontinuous Waveforms of chopper




Discontinuous current condition:-
adaiiall Ll ddlat Sl
U a0 00

[(Vs—VD)] =t
(1-ev)

I (m) = R

T (time constant)
at t=ton IL =IL(max)
[(Vs—Vb)] —ton
R (1-e v)
continuous current condition:-

J0000/80000/8000 40000
s —ton
_ 1-e Vb
IL(max) = ® (—i— )R (Amp)

1-evion
IL(min) = ev-1 Vb
IL(min) R( ) ﬁ(Amp)
ev—1
Tmaniung g alead Sdiy ) gie ) Jana g4 Al 5 g
(T=ton)
Vs-Vb

IL(max) = IL(max) = = (Amp)




EX 1 :- A D.C chopper operates to rang of (90°) , fed from Supply of ( 60
V) ,the waveform of the load voltage formed of rectangular pulses each
of width (2 ms) and

The periodic time of (5msec) ,Draw the waveform of the load voltage ,
then calculate the average output voltage .

Solve :-

Vo =DVs
— ton — ton — (2 —
D—% , Vo Té/s ()« 60 =24V

EX 2:- If the chopper in the ex(1) fed inductive load of
(R=5Q) and (L = 10 mH) .Calculate ( Imin ) and (Imax ) of the
load if the reverse (emf =0v) .

Solve :-
ton=2msec T =
5 msec
v= —= 10 = 2 msec.

5

R
< —ton
_ l1-e Vb
ILmaxX) = o (== )-+-(Amp)
l-ev
IL(max) o0 1-53_ 0 (Amp)
A = ——— H)- - mp
5=2 ) 5
1-e2
( ) 601 -eL ( )
L max = ()"0 =8.25 Amp
1-e

Vs ton
IL(min) = ev-1 _Vb _ (amp)
— R ﬁ R

ev—1
_ 60 2
IL(min) = 2L 0 _(Amp)
5
> e2-1 .
60 e--1

(_

IL min): 5 (25 )-0=1.84 Ami) )

Ya






EX 3 A DC Chopper circuit have :-
Vs=100V, T=25ms,ton=125ms, L=0.2 H, R=0.5Q
Vb =50V . Calculate :-

Vs =100 1.25
—_ = * _ =
5E 50v

T 25 605
vo.4

—t
S1-e v _ Vb
®R( ——— )R (Amp)
1-ev
100 1 - g—3125 50

= 95.79 Ar$1p

=05 (1oes25) 75

RE£V_1) R

100 g3.125_9

0.5 (es25-1)7¢




2-Morgan dc chopper:-

+ O

gRL

3 — JoMn cMopper (step up cMopper)

(Rl e Ak

John chopper (step up chopper)

O

Jaa il A Alaal) 2 4l g Al ABIE] =
Ei S\ 0
O ) Slad¥) JNA Jeald) ) ABUal) saa Jiii g
Eo =(Vo—Vs) I ty
T Anle g | 3 jiieeal) AdAd) 2 AUa adadall o) U 2 e

L D
Vet =N — N )t
S“"on ( O““’S) off = o_rYYY\ .I
o Addlaal) i p 3ale L g

Vs (ton + toff )/toff) V=

Vs Th




A.C—-A.C invertors <3<ia

Juall 3ga Al Zagill 4 oSall Luucll) oih iy, Le_adwu@m
-t Lad (el ) (i ) gl

(AC voltage regulators) < gbiall JUill seall Clakiia / Yol

B Jan 3413 18 jgaad) Alladl) 5 ja8l) dad iy 2 ol Cilalila A g
Jaall g jiaall G ) g L) aladd)

Cycle converters  (221) 3,98 <l e /Ll
G iiall el il & pial) s addiud

1- @ voltage regulator bl Aial all Jleliia
O aSlaiall (g ) i) Ao @ ghew ) (0 g5 By i
o gldial) i) jaa il g.'aJJm\ CMM;\QM‘
(A g8a Jaa 2 dalg  gday aSadl)

2- ® voltage regulator with resistive load
blua jiaall 3 (589 Adlada § ) gads @ g ) Jand
Jaal) o oshina (L




Vi =V, sin (wt)
Adladl) dall) (8 | A e sl Wl g 3 (e (1) JS LS Jaall A pal) JSad) ) La
= 0SS Jaadl gl

| n
VO (rms) = "% ( Vm?* sin® (wt) d(wt)
N *®

:' i 1 ¥
Vm T- @ + 5- sin2a
/1

VO (rms) = — |
(rms) 7z “ “
s Jaadl Hlil Adladl) dadll) s

|
| Vvm |[T-a + Zi sinZ2a
I0 (rms) = — ,

Vo? (rms) GlBMad) (pa 3 dill Jale g Jaad) 5 a8 camad

PO (rms) =

sinZa

Waveforms of asingle phase
regulator with resistive load

\&)




ghdntn)‘ghi\ ¢ aSadl)

Single phase controller with inductive load

Vo =V, +Vp +V, =V, +V,
® =tan! WL/R
()l <l Time constant = L/R

[\
WA NS
T

\ > 5>
/\ 2= wt
l \/
(4
| i
Th1 l Th2 l

Waveforms of the voltageregulater
with inductive load




EX:- A pair of thyristors are connected in parallel (reversely) to control
the power of a resistive load has resistance of ( R=12 Q) if the V, . . of
the supplyis V., . =230, with f=50 HZ, firing angle a = 60° calculate

-m.s

1-V / of the load

rms 7 °rm.s 7

2-The dissipation power in the load, the power factor of the A.C supply

Solution:-

VO (rms) =

10 (rms)

Vo2 (rms) _ (167.26)°

PO (rms) - T, = v

! ™. X . ,
'm— 3t 3 sin(2 = 60)

\ n

= 0.72

EX:- A pair of thyristors are connected in parallel
(reversely) to control the power of an inductive load if the
time constant L/R = (10 msec), find the width of the firing
pulse to generate a wave shape similar of that of the load
current .( f =50 HZ)

Solution :-
d =tan! WL/R
=tan! (2nf(L/R)) =tan?! ( 2t * 50 *10%)
=72°
am\agm@d\jgﬁdﬂ\&%cm\mugﬁ J3
-1 O5S Aadl) a e O sl

D —a=72°-60°
=12°




QlI: For the circuit shown calculate :

lims @nd P,,... , PF of that of the load current, when ( « = 90°)

HJSCR1

-

65V 60Hz H:CR .

[

sin 2 xX 90
3.14

‘orms 61.98
fTormse = —— =

RL 1000
= 6.198* 10° Amp

Porms=

= 0.384 wat
Porams

Pin




Cycloconverters
*Cyclo-Converters are direct ac-to-ac frequency
changers.*The term direct conversion means that the energy does not

multiple of the input frequency.
*A cyclo-converter permits energy to be fed back into the
utility network without any additional measures. Also, the phase
sequence of the output voltage can be easily reversed by the control
system.
*Cycloconverters have found applications in aircraft systems and
industrial drives. These cycloconverters are suitable for
synchronous and induction motor control.
Cycle-converters

* AC power at one frequency is converted directly to an

AC power at another frequency without any

intermediate DC stage.

* The output of cycloconverter provides ac power at a

lower frequency than input.

* Bidirectional power-flow is possible.

* Able to operate with loads of any power factor.

* Generally, output frequency is lower than source

frequency.

* input power factor is worse if the fabricated output

voltage is decreased.




Basic Principle of Operation

The basic principle of operation of a cyclo-converter is
explained with reference to an equivalent circuit shown in Fig.
Each two-quadrant converter (phase-controlled) is represented
as an alternating voltage source ,which corresponds to the
fundamental voltage component

obtained at its output terminals. The diodes connected in series
with each voltage source, show the unidirectional

conduction of each converter, whose output voltage can be either
positive or negative, being a two-quadrant one, but the
direction of current is in the direction as shown in the circuit,
as only thyristors — unidireconal switching devices, are used in
the two converters. Normally, the ripple content in the output
voltage is neglected.

1¢

ep = E,, sin @,t

o
-
|
—
-
g
<

le

LR R
”
o
-

Positive (P) I Negative (N)

converter converter

Control Circuit

Te, =E, sin ot

Equivalent circuit of cyclovonverter




Working Principle
* Fundamental wave is generated by the
two, 2- quadrant phase converters.

* Diode for unidirectional conduction.
* Ripple content is neglected.

*Positive current is carried by positive

converter and negative by negative.

Single-phase to Single-phase Cycle-converter

- ip — iy
v

r /S B Sl A v 2

G

1-phase ® 1-phase

ac ac

supply o E $——e supply

P‘x ~ -\'4;2 ;Z N

Bridge 1 (Positive) Bridge 2 (Negative)

Single-phase to single-phase cvcloconverter (using thyristor bridges)




Resistive (R) Load

ANVANNAY
T T\

\Ieau output
vo t’lge

an M\mhz dn
” "‘W V

Input (a) and output (b) \'oltage waveforms of a cvclo-
converter with an output frequency of 165 Hz for resistive (R) load

€0

Cycloconverter Control of AC drives

Fixed Variable \/\ Induction or

> ncy - >
t‘ruqulc'my Cycloconverter | synchronous
suppiy trLQULnL_V ] motor

Voltage/frequency
control

Cycloconverter control




Sinusoidal Pulse Width Modulation

Three-phase reference voltages of variable amplitude and frequency are
compared in three separate comparators with a common triangular
carrier wave of fixed amplitude and frequency (figure).

——?-»K I—'

Curreet
conroler

Lumrent

A

Carner wave

Sinusoidal PWM, current control and switching logic.




saw-tooth- or triangular-shaped carrier wave

ugs
.- -
\-t-

e
Va2 |

il Iml| _
h O I =
(11 N .
i§a 1 K

as

TR0 11 |
| LD

Pulse Width Modulated (PWM)

Figure (below) shows a block diagram of the power conversion Unit in a
PWM drive. In this type of drive, a diode bridge Rectifier provides the
intermediate DC circuit voltage. In the intermediate DC circuit, the DC
voltage is filtered in a LC low pass filter. Output frequency and voltage is
controlled electronically by controlling the width of the pulses of voltage
to the motor. Essentially, these techniques require switching the inverter
power devices (transistors or IGBTSs) on and off many times in order to

generate the proper RMS voltage level.

,'IV




Power Conversion Unit (PWM)

Intermediate
DC Circuit

3 Diode
. Bridge
Input Roctifior
Speed
Reference

Regulator

Outpaunt Voltage
Control Signals

This switching scheme requires a more complex regulator than the VVI.
With the use of a microprocessor, these complex regulator functions are
effectively handled. Combining a triangle wave and a sine wave produces
the output voltage waveform.

PWM Generator

Triangle

(Ssenerator

Modulation

AY

s
¥ PWM

Generator

e

The triangular signal is the carrier or switching frequency of the
inverter. The modulation generator produces a sine wave signal that
determines the width of the pulses, and therefore the RMS voltage

output of the inverter.



Outpiit of PWM Generator

L VMV

S [ O I I O N )

PWM Output Waveforms

Uaé
o 0
Noutral
Voltage

o B~

Volts/Hertz

Volt/Hertz control in its simplest form takes speed reference command
from an external source and varies the voltage and frequency applied to
the motor. By maintaining a constant \VV/Hz ratio, the drive can control

The speed of the connected motor.

\V/Hz Block Diagram

Currer Feedback

Viiz Control hvedter
Speed Elsctrical Gate St
Rat (M2] Fler Ret Froquency V Mag Sgnals s
() —py vtz pen JL ((moter)
L
+

Toique Current

Typically, a current limit block monitors motor current And alters the
frequency command when the motor current exceeds a predetermined
value.



Three phase voltage regulator
VR = Vmsin(mt)
VR=Vmsin(mt-120°) VR
=Vmsin(mt+120°)

There are three model for three phase voltage regulator

]__
s R
[
To —r_|<]_
2_
R
R
R&/ R
T O S
3_
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Single Phase Full Converters:

Tg. N T1 T2 | Ts, Ta
OHLW 4———4-—-——*—'-|
Vm __l
| V=Vnsinwt |
a ll 1 l wt
vp T L mta 2n |
t | '
| |
Vo |
T\ I(\ |
2n (
OQQ n\|n+a \l -
i
‘ o | X
2 I | Load current
o | ! wt
) E n I 2n
la “'
nta 2n it
0 o =
=
2 pra ) 2V w2V
V, =— V. sinwtd(ot)= —'”[— coso)t]; =—"Ccosqa
21 Jo 21 T

ra

1/2 - 1
2 T +OL ) . - V‘ T+t
V =|— V=sin® mtd (ot = 2= 1 —cos2mt)d(mt
rms [ 27[ '[[ m ( )} [ 27[ V[:[ ( ) ( )

V
—m )y

\/E K

The rms current of a thyristor,

1 T+O 5 i
I, {EL i d(mz‘)}

The rms output current
) ] 1/2
ji‘msz(j};-l_ji—?) =\/51R

The average current of a thyristor

1 pr+a

I, =
21 o
The average output current

jdc :1‘4 +!A :21‘4

i, d(ot)
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Three-phase Half-Wave Converters:

Van Von Ven Van Von

3 l‘ll
o

a

o

3
<

s

—

<

&

=

v
g

f

.
7

— —olaf =4~ —

% VONTNE NV

Ve < T I | : I |
\\ 'I : : : I Load current

[ ! | !

& i | | N | | ok

0 lie ° T ® 2n i T

la In i—i I,—i Currentin Ty
0
% +a Sn +a 2 n
6
If the phase voltage is v, =V sinwt,

the average output voltage for a continuous load current is

3 (5n/6+a . 3
Vie=— V sinot d(wt) =——"cosa
27‘[ T/6+a 27-[

V . peak phase voltage

The maximum average output voltage
that occurs at delay angle, o =0 is

W37,

y, =X"m
dm 27[

The normalized average output voltage is

V
V =% =cosa
dm

The rms output voltage is

Se /6 1/2
v _[i [ vzsint o a’(mz‘)}

I dnira

6 8m
For the resistive load and o > /6:

1/2
= ﬁVW(l+ \/gcos2a}

Vdc = 3 ) var Sinﬂ)f d((Dt) _3I/W|:1+CDS[T;+U_}:|

27[ T /6+a 27‘[
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V. ~Jae |:1+COS(T[ +aﬂ
Vdm f

3 2 2
K‘iv15 =|:27'[ J; o I/m sin” mf d((x)l‘):|

1/2
—IV,”[ —+lsin(§+2aﬂ

1/2

t o=y
. Load Highly;oi;guctiva
Frequency out put ripple =6 fs
If, line—to—neutral voltages corresponding line—to—line voltages
v =V _sinwt | T
an i Vo =V, Vi, = '\/ng Slll| wi+ _\|
— o ) - \ 6)
L.F;.a: = !/m Slll| i _? y \
: T
) /I VEJL' = VFM - vm! = 3 !/nr Sln‘ or—-— |
21 ) \ 2
v, =V, x1n| cor+? 2
\ / v, =V, —Vv, =3V, isml| ot + 7|

average O?,ffl[)?,ff voh‘age:
3 T /240

V,=— v, d(or)

de
T T/ 640
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On

Ty, Ts Ts Ts

Vim

= ir:w NEYA sin(m{ + %j d(ot)

e - T
0
T e
VAT TR EE t = cosa
° Ve Vab Vae Ve Voo Yo Veo T
k ] maximum average output voltage
0 w " n 3n 2n wt .
.3 LR =+a = 3 —
L 6 2 W G for delay angle, o =0

. %*G
It

V

dmn

« W3,
T

normalized average output voltage

wl

g £ Tae ] IJ’?'”
fa !

V
V o=—% = cosa

Load current

n
dm

=13

1/2
[ EJ.WAM 3 sinz(wt+£} d(mt)
; T Yn/6+a 6

T

1/2
:ﬁVm (;+3\/§cos‘.2a}

Thyristors Commutation Techniques:

(a) Natural Commutation
(b) Forced Commutation

If the source (or input) voltage is ac, the thyristor current goes
through a natural zero, and a reverse voltage appears across the
thyristor. The device is then automatically turned off due to the

natural behavior of the source voltage.
( Natural commutation or Line commutation)

: ac voltage controllers, phase-controlled rectifiers,
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cycloconverters Ve

vg = Vpsinot

. - wi
|
| |
e
i°=%|ﬂ
-+
| ki 21" wt

(a) circuit
Forced Commutations:

(b) waveforms

In some thyristor circuits, the input voltage is dc and the forward
current of the thyristor is forced to zero by an additional circuitry
called commutation circuit to turn off the thyristor.

( Forced commutation)

: de-de converters (choppers), dc-ac converters (inverters)

1. Self-commutation

2. Impulse commutation

3. Resonant pulse commutation
4. Complementary commutation
5. External pulse commutation
6. Load-side commutation

7. Line-side commutation

1. Self-commutation:

it)
! aE TN
* ;:\’ i 0 J L » Wt
1 m
VLI o b Velt) b
Vs = ] |
# ] c i |
Ve 0 -+ wmt
-~ -‘V Iq——lq—-lrl
. di 1
V.=v,+v.=L—+—|idt+v (t=0)
‘ dt C
initial conditions, v (t=0)=0, i(t=0)=0
. . C . 1
charaging current, i(t)=V, 7 sinw, 7, 0, = ——

capacitor voltage, v.(t)=V_(1-cosw,t)
)
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Ld—l+i idt+v (t=0)=0
dt C

initial conditions, v (t=0)=-V,, i(t=0)=0

capacitor current, i(t)=V, Csin(u t ®
apacitor current, i(t)=V,,|— e o, = ——
L NLC

capacitor voltage, v (t)=-V,coswo, ¢

2. Impulse-commutation

:li__:fL
v, " 25 Dy [Load]

turn —off time : t

+ ¥ SO S circuit turn —off time : t
" /"~ Capacitor voltage
t

1 Toff
Vo=c [ 1, di

|
|
-Vo | Voltage across T,
vT1 |
Yo _I_ 1T _ jmtr)ﬁ"
| =
of— -t C
M V,C
-Vl — t, =—
0 |. .i off [
toff m
3. Resonant pulse commutation
it I |
T WhAT T T
A= 9 LN L
+ + Vg —
L

Ve o /_n Dp I 1] |f2 T
Ts ] e 4—»‘4—»‘
~Vo — L | |

4. Complementary commutation
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Ic
* !R’ﬁ"{\ N ¢
< 4 I
iR <
1 " :R: L o J/ \ :
s i R [ | \
Vs ,—_I ',L...—4 ve | | | |
c *V’r y |/
p— |
Al 0 ; } A t
|

Circuit “‘c T W—l

v —

A
£

Waveforms for R =R,=R

5. External pulse commutation
Ty T2 L

+ i |m1 T +
. 4 .
- om

V, : voltage of the main supply
V : voltage of the auxiliary source
6. Load-side commutation
In load-side commutation, the load forms a series
circuit with the capacitor ; and the discharging and
recharging of the capacitor are done through the load.
The performance of load-side commutation circuits
depend on the load and in addition the commutation
circuits cannot be tested without connecting the load.

7. Line-side commutation
In this type of commutation, the discharging and recharging

of the capacitor are not accomplished through the load and
commutation circuit can be tested without connecting the load.

v

‘aana" 5 -
* L + I
Ts
(o] velt)
Vs L _ Dm
Tz
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Opto-electronic devices

1- Lighting Emitting Diode (LED)

Light emitting diode
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Emmitted Light

T

Metal

Contact (+)

— Charge
Carmmer
Combination

® Electrons
2 Holes

Metal
Contact (—)
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(LED) characteristic :-

The forward voltage across an LED i1s considerably greater than for a silicon PN junction diode.
Typically the maximum forward voltage for LED i1s between 1.2 V and 3.2 V depending on the
device. Reverse breakdown voltage for an LED 1s of the order of 3 Vto 10 V. Fig. .1, (a)showsa
simple circuit to illustrate the working of an LED. The LED emuts light in response to a sufficient
forward current. The amount of power output translated into light 1s directly proportional to the
forward current as shown i fig (1,b It 1s evident from this figure that greater the forward
current, the greater the light output.

w

power (mW) —»
N
|

Light output

|

| 1 |

50 100 150

Forward Cumrent —
(mA)

(a) (b)

Fig (1)
1-photo diode :-
Light
Y
\
PN
L
RS * R
| L O_M/Lc |
i | Photodiode
Fig(1) symbol and circuit fig (2) photodiode

ay



photo diode characteristic :-

Reverse Voltage
-3V - ]‘ZV - 11V

L

Dark__J 0 4~ 100 pA

15,000 A} 200pA l

2
50,000 Imim_~ l

—

2- photoconductive cells:-

7’ @

Photosensitive

/ Semiconductor
S S :

n CdS photo sensiive detectors
Photoconductive cell characteristic :-

S
%
KS

O .
|
CX XX XD

(a)

R
—— AW
100
o 10 —
= 8 1
S § — 30V
o
E e
0.1 | | | <_
10 100 1000 1= 100 kO
——3 Illuminaton (lux)

Fig(1) photoconductive cell characteristic Fig(2) photoconductive cell  circuit



3-photo transistor :-

Q
\ 2 S
I/ \
{ |
o
@ Phototransistor
Fig (1) a) symbol b) characteristic fig(2) phototransistor
5 — Optfical Isolators

Optical 1solators are designed to electrically 1solate one circuit from another while allowing one
circuit to control the other. The usual purpose of 1solation 1s o provide protection from high-voltage
transients, surge voltages and low-level electrical noise that could possibly result in an erroneous
output or damage to the device. Such isolators allow interfacing of circuits with different voltage
levels and different grounds etc.

o— LED LED\\ "()O | LED
S o | P o
T :
‘ —T10 —O 0O
(a) (b) (c)
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Chapter Two
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DC Chopper:(DC to DC Converter):

Principle of step-down operation:

Step-down chopper with resistive load
Chopper switch: power BJT; power MOSFET, GTO forced-commutated thyristor.

Step-down chopper with RL load:

At the end of model 2

Principle of step-up operation:
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Chapter Three
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AC to AC

Converter
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Star Connected Resistive Load:
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Delta-Connected Resistive Load.
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Chapter Four
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DC to AC Converters

(Inverter)

Voltage Source Inverters

Introduction:
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Fig 1 General block diagram
Principle of operation:

Vo=Vs/2

2Vs
Vi= ----—- =0.45Vs

V2r

Fig 2 The circuit and waveforms with inductive load

Performance Parameter :

Vn
Harmonic Factor, HF: is defined as HFn = ---------
Vi
Total harmonic distortion, THD: 1 o
THD= -~ (Y wvn)
Vi n=23....

Distortion factor, DF:

Vn
DFn= -------
V1n2

Single —Phase Bridge Inverter:

Fig3 the circuit

Fig 4 Waveforms of output voltage and load current for inductive loads

_ [z oz, ,
Vo—\/TO Jo "TVs?dt=Vs
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4Vs
Vi=------ =09Vs

V2r

Solution:
4Vs

a) Vi= Trn = 0.9Vs=0.9x48 =43.2V

b) Vo= |2 [Ty at = vs = agv

The output power Po=Vs?/R=960W.

c) 1p=48/2.4=20A. Io of each transistor is 0.5 x20=10A.
d) Ver=48V.

4V
) Viz—=— =09Vs=09x 48=432V

V2r

Vh :\/2,‘;‘;3,5,7""1/2 n=Vo2—V? =0435Vs

1 o 5 _0.4359Vs 0
THD = - (Xne23. Vein) = oo — 48.34%
1 o vn,, _ 0.0342Vs _

g)The lowest-order harmonic is the 3,Vs=V1/3

V3
HF3= ---——--- = 1/3 =33.33%
V1

Va/3®
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DF3= ------- =1/27=3.704%
V1

EX:2/
An inductive load of resistive of 10 and inductive of 10mH is to be supplied with a Quasi

Square waveform voltage, using single-phase bridge inverter. If the on periods is to be 1/2 of
the total period ,load frequency = 200Hz and the dc supply available is 200V, trace with
calculated dimensions for the first cycle.

A) Load voltage waveform.

B) Load current waveform.

Solution :
Rt Rt
i._zg (1 — e_T) + Imine ©
To=1 = — = 5 msec.
f 200
2a=05To a=1.25 msec.
1) +Ve =200V on half period i_ = 0 at t=0
. 200 - 1000t
'L_E(l_ e )+ 0=14.27A at t = 1.25 msec.
2) Ve off half period V=0V Imin=14.27 A
g sbud il dagd dlalaall (& (g gill 2my
i|_ = 4A
3) —Ve onperiod VL= -200V  Imin=4A
(g sbud il dagd dlalaall (& (my gl 2my
iL=-13.12A

4) Ve off half period V. =0V Imin = -13.12A
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5 st il A Alolaall &y gail) 2y
iL=-3.75A

EX:3/A single-phase bridge inverter supplies from 200Vdc source a load of R= 8Q and
inductive of 20mH if the inverter is operating at 50Hz. Determine the load voltage and current
waveforms for the first two cycles with square wave output.

Solution:
Rt

L= (1— e_%)+lmine_T

x| <

To=1/(f) = 1/50=0.02 sec =20 msec.
a=0.5To=b=0.01sec =10 msec.

Att=0,i=10=0A

1) First cycle : +Ve = 200V on half period i. = 0 initial current. att="To/2 = 0.01 sec
8X 0.01
i =22+ (0- 22 )e o = 24544
8 8

2 )- Ve half period VL =-200V, Imin = 24.54A4, t = 0.01 sec. = 10 msec.

I = -24. 1A

3) For second cycle :+Ve half period third half cycle

V= 200V lo= -24. 1A att=0.01 sec.=10msec.

s sbedi ) dad Aalaall & oy gatll day
1 =24.1A

4) -Ve half cycle period (4™ half cycle)

V. =-200V, lo=24.1A att=0.01 sec.=10msec.
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5 sl Ll A Aobaal) b oy gail) 2ay

i=-24.1A
liall o Ao sty Ja) Jds 5 aule Ciualn Jlpadl a 2es Y/

Determine the time when load current is equal to zero?

Solution :
T=1.7 msec.

EX:4/A single-phase bridge inverter supplies from 200Vdc source a load of R= 8Q and
inductive of 20mH if the inverter is operating at 50Hz. Determine the load voltage and current

waveforms for the first cycle with Quasi square wave output with an on period of 0.6 total
period.

Solution:
2a+2b=T, 2a=0.6T, T=1/50=0.02sec., a=6 msec., b= 4 msec.

) 1% _Rt _Rt
IL:E(l_ e L)+Imine L

hea = Jaal) Jli dad o5 Ladie t Lasd aa S pad] ) Cannad ) Kaa Y
Solution : t=0.42 ms
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Voltage control of single phase inverters:

Pulse width modulation (PWM) control:

1)Single —pulse- width modulation:

Fig 7single pulse width modulator Fig8 Harmonic profile of SPWM

_Ar _ |2 (@02 _vs [
M= Vo= \/Zn fn—a)/z (Vs)?d(wt)=Vs |-
The RMS output voltage can be found from:

Vs . nd .
Vo(t)= Xn=135... 471—; sin n? sinnwt

2)Multiple - pulse- width modulation:
oo L€
2fo
Fig 9 Multiple — PWM Fig 10 harmonic profile of M-PWM

The RMS output voltage can be found from:

(g)+5
Vo= |= mfs (V)2 dwt) = Vs \/T’;‘s
\ 2
3)Sinusoidal pulse- width modulation:
Vo=Vs f,l:l(g?m

Fig 11 (a,b) SPWM Fig 12 harmonic profile of SPWM
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4)Modified sinusoidal pulse- width modulation:

Fig 13 Modified sinusoidal pulse- width modulation

5-Phase-displacement control:

Vo =Vs \/E if
VA

2Vs .
vao = X 135, — sinnwt then

2Vs

— sinn(wt — f8)

vbo= Y1 135 .

2Vs . . .
vab = vao — vbo = Z;‘f=1,3,5,___n—:{sm nwt — sinn (wt — )}

Fig 14(a,b,c,d,e) Phase-displacement control

0 4Vs . np B
vab= Yn_135.. - — {sin - cosn(wt- > )}

The rms value of the fundamental output voltage is:
4Vs S
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Voltage control of three phase inverter:

Fig 15Sinusoidal pulse- width modulation for three phase inverter
Harmonic reduction:

Sin np/2=0o0rf =360°/n

vab= Y135, oy 1SN cosn(wt- =)}

and the 3" harmonic will be eliminate if B = 360°/3 = 120",

Fig 16 out put voltage with two notches per half-cycle

(oo}

VO =) An sin nwt
n=1,3,5...

Where

The 3" and 5™ harmonics would be eliminated if A3=A5=0

Fig 17 output voltages for MSPWM

o 4Vs
Vo= ) =mmemmeee- sin nwt the output of 1%t inverter can be expressed as
n=1,3,5 nmw

vo1= A1 sin wt +As sin 3wt +As sinbwt +... ....

Fig 18 Elimination of harmonics by transformer connection
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